The prothrombin time (PT) and activated partial thromboplastin time (APTT) are among the most commonly ordered coagulation tests. In 2005, more than 140,000 PT and more than 95,000 APTT tests were performed at Mayo Clinic. The most common indications for ordering these tests include anticoagulant monitoring, initial evaluation of hemorrhage, and, although not generally indicated, routine preoperative screening. In addition, the bleeding time (BT) test, which is infrequently performed, is still available in certain institutions. Abnormal results from these tests (prolonged PT, APTT, and BT), especially from tests conducted for initial evaluation of hemorrhage or for preoperative screening, may pose a diagnostic dilemma to the nonhematologist. We review the essential factors affecting test results; provide a practical approach to the evaluation of a prolonged PT, APTT, and BT; and offer suggestions on which reflexive tests are appropriate and when to consider a subspecialty consultation.
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Mayo Clin Proc. 2007;82(7):864-873 APTT = activated partial thromboplastin time; BT = bleeding time; HMWK = high-molecular-weight kininogen; INR = international normalized ratio; ISI = international sensitivity index; LAC = lupus anticoagulant; PK = prekallikrein; PT = prothrombin time; TT = thrombin time T he prothrombin time (PT), activated partial thromboplastin time (APTT), and bleeding time (BT) are screening tests for hemostasis. Typical indications for ordering these tests include hemorrhagic symptoms, monitoring of anticoagulant therapy, and "routine" preoperative screening. In 2005, more than 140,000 PT and more than 95,000 APTT tests were performed at Mayo Clinic, whereas the frequency of BT tests significantly declined. Besides the expected prolongations of the PT and APTT in patients receiving anticoagulant therapy, abnormal test results in patients with or without symptoms warrant further investigation for an underlying acquired or congenital bleeding disorder, especially if the patient is scheduled to undergo surgery. We provide an overview of hemostasis and review the approach to a patient with a prolonged PT and/or APTT and a prolonged BT.
OVERVIEW OF THE HEMOSTATIC SYSTEM
A basic understanding of the hemostatic system, which has been reviewed in detail, 1 is required to interpret screening coagulation test results. When platelets and clotting factors circulate in an inactive form, blood flows freely through the vascular system. However, vascular injury and the resulting disruption of the endothelium lead to the initiation of a complex hemostatic response broadly classified into primary and secondary hemostatic responses. In primary hemostasis, vascular injury results in (1) vasospasm; (2) endothelial disruption and exposure of subendothelial collagen, leading to platelet adhesion mediated by von Willebrand factor; and (3) platelet activation and aggregation, leading to platelet plug formation. In secondary hemostasis, the subendothelial tissue factor is simultaneously exposed, leading to the activation of the procoagulant cascade and the eventual formation of a hemostatic fibrin clot.
Bleeding disorders can be broadly classified into primary and secondary hemostatic defects. Primary hemostatic defects include disorders of platelets and von Willebrand factor, whereas secondary hemostatic defects are coagulation factor deficiencies that can be congenital or acquired.
Bleeding symptoms in the patient or in a member of the patient's family can often prompt laboratory evaluation to test for bleeding disorders. To screen for bleeding disorders and to distinguish between congenital and acquired disorders, physicians should obtain a detailed personal and family (hemostatic) history and perform a thorough physical examination. Spontaneous bleeding (epistaxis, ease of bruising, joint bleeding) or unusual or unexpected bleeding after surgery (including dental extractions) makes it more likely that the patient has a bleeding disorder. That likelihood increases if the patient has a family history of a bleeding disorder.
If the hemostatic history raises concern for a bleeding disorder, the next step is to order screening tests for hemostasis with appropriate follow-up (reflexive) testing as indicated. Ordering screening or diagnostic hemostatic tests before obtaining a thorough patient history is not an appropriate approach. 
SCREENING TESTS FOR HEMOSTASIS
The PT, APTT, and BT are screening tests for hemostasis. The BT test has lost favor in recent years, but the PT and APTT remain the most frequently ordered tests in coagulation medicine. To properly manage patients, physicians must determine whether the prolonged PT, APTT, and BT are artifactual, medication related, or representative of hemostatic abnormalities.
PROTHROMBIN TIME (INTERNATIONAL NORMALIZED RATIO)
Stated simply, the PT is a measure of the integrity of the extrinsic and final common pathways of the procoagulant cascade. The PT represents the time, in seconds, for patient plasma to clot after the addition of calcium and an activator of the extrinsic pathway (thromboplastin) (Figure 1 ). Thus, deficiencies or inhibitors of clotting factors within the extrinsic and final common pathways result in prolongation of the PT (Figure 2 ). Monitoring warfarin anticoagulation is the most common indication for PT. However, PT results for identical patient samples can vary with the laboratory, making monitoring of warfarin anticoagulation difficult, particularly in patients whose samples are tested in more than 1 laboratory. This variability in results can be traced to the differing sensitivities of the thromboplastin reagents produced by different manufacturers to coagulation factor deficiencies. To overcome this interlaboratory variation, the international normalized ratio (INR) was introduced. The INR is a mathematical conversion of a patient's PT that accounts for the sensitivity of the thromboplastin used in a given laboratory by factoring in the international sensitivity index (ISI) value supplied by its manufacturer. The INR is calculated as follows: INR = (patient PT/MNPT) ISI , in which MNPT is the geometric mean of the PT of at least 20 healthy subjects of both sexes tested at the performing laboratory. Since its introduction, INR has reduced the interlaboratory variations in PT results.
Both PT and APTT reagents have various sensitivities to different clotting factor levels. In general, PT reagents are more sensitive to deficiencies of factor VII within the extrinsic pathway and less sensitive to deficiencies within the final common pathway (factors V, X, and II and fibrinogen).
Unfractionated heparin and low-molecular-weight heparin exert their anticoagulant effect by antithrombin-mediated inhibition of thrombin (factor II) in the final common pathway (Figure 2 ). Thus, in addition to prolonging the APTT, heparin in theory would prolong the PT, precluding accurate monitoring of the transition to warfarin. However, this effect is overcome with the addition of heparin neutralizers (eg, Polybrene). Added to PT reagents, they can neutralize up to 2 U/mL of heparin. However, the presence of excess heparin (eg, a sample collected shortly after a heparin bolus, through a heparin-coated catheter, or above the site of heparin infusion) may overwhelm the heparin neutralizer and prolong the PT.
ACTIVATED PARTIAL THROMBOPLASTIN TIME
The APTT is a measure of the integrity of the intrinsic and final common pathways of the coagulation cascade. The APTT represents the time, in seconds, for patient plasma to clot after the addition of phospholipid, an intrinsic pathway activator, and calcium. The APTT reagent is called partial thromboplastin because tissue factor is not present in conjunction with the phospholipid as it is in the PT reagent 3 ( Figure 1 ). Thus, deficiencies or inhibitors of clotting factors within the intrinsic and final common pathways result in prolongation of the APTT (Figure 2 ).
DETERMINATION OF THE NORMAL (REFERENCE) RANGE
The normal or reference range for PT and APTT assays varies depending on the reagent and instrument combinations each laboratory uses. Thus, laboratories need to establish their own reference ranges by measuring the PT and APTT on plasma from healthy volunteers. 4 At Mayo Clinic, at least 50 healthy volunteer donors are tested to establish the reference range. Separate reference ranges need to be established for adults and children. 5 
PRETEST VARIABLES COMMONLY AFFECTING PT AND APTT
A prolonged PT or APTT, regardless of current or previous bleeding symptoms, warrants further investigation, especially when the patient is not receiving anticoagulant therapy or is not known to have liver disease. An unexpectedly prolonged PT or APTT often correctly prompts physicians to consider artifactual causes of abnormal test results. Certain pretest variables can cause artifactual prolongation of the PT or APTT (or both).
PATIENT HEMATOCRIT
The anticoagulant (3.2% trisodium citrate) present in the PT/APTT collection tubes chelates calcium, preventing activation of the coagulation system. The volume of the anticoagulant in the collection tubes, approximately 0.5 mL, 6 is intended to result in a final ratio of whole blood to anticoagulant of 9:1 and a ratio of plasma to anticoagulant of 5:1 in patients with typical hematocrits (35%-50%) (Figure 3) . The hematocrit is high in blood from patients who have erythrocytosis (eg, patients with cyanotic congenital heart disease or myeloproliferative disease). When the hematocrit is high, the volume of plasma collected at venipuncture is proportionately reduced and the volume of anticoagulant increased (dilution effect). As a result, the availability of assay-added calcium is decreased, resulting in an artifactual prolongation of the clotting time. Similar problems can occur when less than the recommended volume of blood is collected. 7 Alerting the laboratory about a high hematocrit and adjusting the volume of anticoagulant in the collection tube for patients with hematocrits of more than 55% will yield more reliable results. 8 Blood collection tubes containing the appropriate amounts of anticoagulant to accommodate different hematocrits cannot be purchased. Thus, anticoagulant adjustment is accomplished by manual addition of the appropriate amount of anticoagulant into glass collection tubes.
CONCENTRATION Of CITRATE ANTICOAGULANT
Because variation in the concentration of citrate anticoagulant in collection tubes (3.2% or 3.8%) affects results, a more uniform practice of collecting blood in 3.2% citrate has been recommended. 6, 8 FASTING STATE OF THE PATIENT Before the introduction of contemporary instruments, the end point of fibrin clot detection in the PT and APTT assays consisted of manual visualization of clot formation. Currently, most laboratory instruments detect clot formation with automated photo-optical detection systems that record changes in light transmittance. However, plasma turbidity can interfere with instruments' optical systems and cause artifactual results, as it does in nonfasting, lipemic plasma specimens and in hemolyzed or icteric specimens.
TIME INTERVAL BETWEEN SPECIMEN COLLECTION AND ASSAY PERFORMANCE
A considerable lapse of time between blood collection and assay performance can result in artifactual results. The PT has been shown to be stable at room temperature for up to 24 hours after collection, but the APTT should be run within 4 hours, especially if the sample is heparinized. 9 Longer time intervals result in artifactually prolonged APTTs because factor VIII is labile.
EFFECTS OF THE CLINICIAN ON PRETEST VARIABLES
Busy practicing clinicians have little or no control over several of the pretest variables and specimen handling. However, they can adequately instruct patients on the importance of fasting and optimize the results of coagulation testing by alerting laboratory personnel about increased hematocrit (>55%). Before embarking on a complex investigation of a prolonged PT or APTT, clinicians should consider repeating the testing to exclude artifactual results. After appropriate sample collection, it is the coagulation laboratory's responsibility to perform the assays promptly to avoid artifactual results. 9 
STEPS IN INTERPRETING AND PURSUING PROLONGED PT OR APTT RESULTS
The ordering of a PT or APTT by a physician or health care professional presupposes that a detailed history (including detailed documentation of prescription and nonprescription medications) has been obtained and that a thorough physical examination has been performed. Occasionally, when test results are abnormal, additional focused history and examination are warranted, and laboratory test results are frequently obtained before a patient encounter (eg, routine preoperative coagulation testing). For purposes of this discussion, we review the approach to laboratory evaluation of an abnormally prolonged PT or APTT and provide clinical correlative information. presence of a systemic disease that may explain the prolongation of the clotting time, additional testing is frequently pursued for purposes of both diagnosis and management (eg, assessing the need for and gauging the response to infusion of fresh frozen plasma or cryoprecipitate).
STEP 4-WHAT ADDITIONAL LABORATORY TESTING SHOULD BE PURSUED?
Staying informed about an ever-expanding repertoire of tests, in general, and the complexity of specialized coagulation testing in particular, can be a challenge for the busy health care professional. The practice in the Mayo Clinic Special Coagulation Laboratory has been to offer coagulation profiles that are based on the specific clinical question. Thus, for a prolonged PT and/or APTT, a special coagulation profile, termed the Prolonged Clotting Time Profile, is available for patients at Mayo Clinic and, through Mayo Medical Laboratories, for patients seeing their local health care professional. This profile involves performance of screening tests (PT, APTT, and thrombin time [TT] ) with mixing studies of the respective prolonged clotting times, as well as additional reflexive testing (eg, clotting factor assays and inhibitor assays), when warranted by the results of the initial findings and patient clinical history (if available) ( Figure 5 ). Thus, it is the responsibility of the laboratory to attempt to answer the question rather than to expect the health care professional to order individual tests to determine the cause of the prolonged clotting time. the clotting time shortens into the reference range) or (2) inhibition of the clotting time (ie, it shortens, but not enough to be within the reference range). Correction of the clotting time implies a clotting factor deficiency in 1 or more pathways (intrinsic, extrinsic, or final common pathway) (Figure 2 ). An inhibition of the clotting time implies that 1 or more factors or pathways are affected by an inhibitor. In general, inhibitors are classified into 3 broad categories: (1) medications (eg, heparins and direct thrombin inhibitors); (2) inhibitors directed against specific clotting factors, termed specific factor inhibitors (eg, factor VIII or factor V inhibitors); and (3) nonspecific inhibitors (eg, lupus anticoagulants [LACs], which are antibodies directed against protein-phospholipid complexes) ( Figure 5) .
Thereafter, pursuit of additional testing depends on factors such as the patient's clinical history and medication use. For patients with bleeding symptoms, clotting factor assays should be performed. For asymptomatic patients or those with a history of thrombosis, testing for LAC is reasonable. However, such clinical information is not always available to a reference laboratory; thus, in our laboratory, all samples are tested for the presence of heparin or a direct thrombin inhibitor, and initial testing is focused on detection of LAC with reflexive testing of coagulation factors if needed.
APPROACH TO A PROLONGED APTT APTT CORRECTS
If the prolonged APTT corrects to normal when a mixing study is performed, a coagulation factor deficiency is suggested. In the setting of a normal PT, a deficiency is im- (Figure 2 ). Clotting factor assays should be performed for factors VIII, IX, XI, and XII to identify the deficiency, determine whether it poses a bleeding risk to the patient, and determine whether it is congenital or acquired.
Although a prolonged APTT commonly raises concern of a bleeding disorder, severe deficiencies of factor XII, HMWK, and PK, which may result in a marked prolongation of the APTT, do not result in bleeding disorders. Although assays for HMWK and PK are available in selected reference laboratories, they are not commonly performed. Deficiencies of factors VIII, IX, and XI, however, result in bleeding disorders of varying severity depending on the levels of individual factors.
Once the exact factor deficiency has been identified, the next step is to determine whether the deficiency is congenital or acquired (eg, hemophilia A, B, and C are congenital deficiencies of factors VIII, IX, and XI, respectively)
For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings. For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings. (Tables 1 and 2 ). Clinical correlation with patient personal and family history is critical to this assessment and management. Common causes of acquired factor deficiency states include warfarin use (which induces vitamin K deficiency), liver disease, or a consumptive coagulopathy such as disseminated intravascular coagulation and fibrinolysis.
APTT Is INHIBITED
If the APTT shortens but does not correct to normal when a mixing study is performed, then the presence of an inhibitor is suggested. If the PT is normal, then an inhibitor of the APTT assay system is suggested, including (1) drugs such as unfractionated heparin and direct thrombin inhibitors (eg, lepirudin and argatroban, both of which may also prolong and inhibit the PT), (2) LAC, and (3) specific factor inhibitor (eg, factor VIII inhibitor) ( Figure 5 ). Thus, inhibitors are always associated with acquired disorders of the hemostatic system. Important initial considerations are whether the inhibitor represents a risk of bleeding or a thrombosis. A review of the patient's medications will indicate whether heparin or a direct thrombin inhibitor is the cause of the prolonged APTT; however, occasionally, collection of the sample from a heparin-coated catheter results in a prolonged and inhibited APTT, which can cause confusion especially when the source of heparin is not obvious. In this setting, repeating the assay on a specimen collected from a peripheral vein helps clarify the cause of the prolonged APTT. Frequently, however, the clinical information on the use of anticoagulants is not available to the performing laboratory. Thus, the TT and reptilase time tests help determine whether heparin or a direct thrombin inhibitor is present. Both drugs prolong the TT but do not affect reptilase time (Figure 2) . Development of autoimmune factor VIII inhibitor (acquired hemophilia) is a potentially life-threatening bleeding disorder. The rarity of this disorder may delay its diagnosis, resulting in high rates of morbidity. 10 In selected patients with an acquired inhibitor to factor VIII (autoimmune hemophilia), the APTT mixing study does not result in inhibition. However, after incubation for 1 hour, inhibition typically becomes apparent. Clotting factor assays to identify deficiency; clinical correlation to determine whether deficiency is congenital or acquired FIGURE 5. Approach to a prolonged prothrombin time (PT) or activated partial thromboplastin time (APTT)-distinguishing a clotting factor deficiency from a clotting factor inhibitor. *Thrombin time is prolonged and reptilase time is normal; †PT is normal; ‡PT is prolonged and inhibited; §PT is typically normal but may be prolonged and inhibited when a mixing study is performed.
PROLONGED PT AND APTT
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Lupus anticoagulants are antibodies directed against protein phospholipid complexes. The presence of LAC is a risk factor for thromboembolism, but patients may also be asymptomatic. 11 Testing for LAC consists of demonstrating prolongation and inhibition of at least 1 of 2 phospholipidbased screening tests (eg, APTT or dilute Russell viper venom test). A shortened clotting time after the addition of phospholipids (eg, platelet phospholipid for the APTT assay and phospholipid for the dilute Russell viper venom test) confirms that the inhibition of clotting time is phospholipid dependent. Finally, the effect of heparin or other inhibitors (eg, factor VIII inhibitors) should be excluded.
APPROACH TO A PROLONGED PT
Like a prolonged APTT, a prolonged PT could reflect either a coagulation factor deficiency state or the presence of an inhibitor; thus, correction with a mixing study suggests a deficiency state, whereas inhibition suggests the presence of an inhibitor ( Figure 5 ).
PT CORRECTS
For a prolonged PT that corrects when a mixing study is performed and so is suggestive of a deficiency state, we typically perform assays for factors II, V, VII, and X and for fibrinogen. When the factor deficiency is identified, clinical correlation is important for determining whether the deficiency is congenital or acquired.
Coagulation factor deficiencies that prolong the PT most commonly occur in hospitalized antibiotic-treated patients who, unable to eat, become deficient in vitamin K. Factors II, VII, IX, and X are the vitamin K-dependent procoagulant proteins that are depleted with decreased nutritional intake and more commonly with warfarin use. Given that coagulation factors are synthesized in the liver, severe liver disease results in prolongation of the PT and APTT by hampering the synthesis of coagulation factors. Factor V is low in liver disease, allowing it to be distinguished from vitamin K deficiency. Less commonly, congenital deficiency of factor VII may be discovered when the PT and APTT tests are ordered as routine preoperative tests. Rarely, evaluation of asymptomatic prolongation of the PT results in a diagnosis of isolated deficiencies of either factor X or V, both of which are rare congenital disorders. These congenital disorders should be carefully distinguished from acquired deficiencies that occur in patients with amyloidosis (factor X deficiency), 12 liver disease, or myeloproliferative disease (factor V deficiency).
PT Is INHIBITED
When the prolonged PT is inhibited rather than corrected by the mixing study, PT inhibitors are likely present. However, unlike APTT inhibitors, PT inhibitors are rarely present without prolonging and inhibiting the APTT. Inhibition of the PT can occur as a result of drugs (eg, direct thrombin inhibitor, factor V inhibitor, or excess heparin in the specimen) or, rarely, a LAC, all of which affect the APTT. The PT reagents contain a neutralizer that neutralizes up to 2 U/mL of heparin. However, specimens collected from a heparin-coated catheter, from a vein close to a site of heparin infusion, or immediately after a bolus dose of heparin may contain excess heparin that overwhelms the neutralizer and prolongs and inhibits the PT.
APPROACH TO PROLONGATION OF BOTH PT AND APTT
Prolongation of both the PT and the APTT implies that factor deficiencies are present in the intrinsic and extrinsic pathways, in the final common pathway, or in all 3 pathways, or that inhibitors are present for both the intrinsic and the extrinsic pathways or for the final common pathway.
DEFICIENCIES
Deficiency states are caused by a supratherapeutic warfarin dose or anticoagulant rodenticide (brodifacoum) poisoning, which, like warfarin poisoning, results in a deficiency state of the vitamin K-dependent proteins. In patients suspected of surreptitiously consuming warfarin or brodifacoum, measurement of the respective plasma levels would confirm the cause of the apparent vitamin K-deficiency state. In addition, consumptive coagulopathies can prolong the PT and APTT.
INHIBITORS
Both the PT and the APTT can be inhibited by the use of direct thrombin inhibitors, by excess heparin in the sample, by potent LACs, or by nonspecific inhibitors of the PT and APTT assay systems, such as those seen in association with lymphoproliferative disorders and monoclonal protein disorders. Clinical correlation is required in the diagnosis and assessment of the hemostatic significance of these types of inhibitors.
BLEEDING TIME
Originally introduced as a screening test for bleeding disorders, BT came to be used as a tool for routine preoperative hemostatic assessment, although data demonstrating its utility were lacking. It measures the time it takes for a standardized incision on the volar aspect of a patient's forearm to stop bleeding, thus providing an estimate of the integrity of vascular, platelet, and fibrin clot formation. A prolonged BT can result from multiple factors, including 1. In the absence of the clinical history of a bleeding disorder, the BT is not a useful predictor of risk of hemorrhage with surgical procedures.
2. Normal BT does not exclude the possibility of excessive hemorrhage with invasive procedures.
3. Bleeding time cannot reliably identify patients exposed to aspirin or nonsteroidal anti-inflammatory drugs.
Efforts at Mayo Clinic to educate health care professionals about these limitations led to a more than 80% decrease in BT use during the past 3 years and to its eventual discontinuation as an orderable test.
A detailed personal and family history should be obtained, a medication review conducted, and a thorough physical examination performed when evaluating a patient with a prolonged BT. If such a clinical evaluation raises concern of a bleeding disorder, additional diagnostic evaluation should consist of screening laboratory tests and tests for the most common bleeding disorder, von Willebrand disease. Routine preoperative performance of the BT should be discouraged.
BLEEDING DISORDERS THAT WILL NOT BE DETECTED WITH THE PT AND APTT TESTS
Because PT and APTT tests are commonly ordered in the evaluation of bleeding symptoms, it is important to recognize bleeding disorders that will not be detected by these assays. These disorders include qualitative platelet defects, which require specialized platelet function testing; von Willebrand disease, which requires assays for von Willebrand factor; factor XIII deficiency, which requires specialized factor XIII screening or functional assays; and deficiency of plasminogen activator inhibitor 1, which requires specific assays.
REASONS FOR HEMATOLOGIST/ COAGULATIONIST CONSULTATION
Primary care physicians can expedite the evaluation of a prolonged clotting time by ordering the Prolonged Clotting Time Profile. When performed by the Mayo Clinic Special Coagulation Laboratory, this profile generally results in a diagnosis. On diagnosis of congenital bleeding disorders, such as hemophilia A or B, or acquired autoimmune bleeding disorders, such as those caused by factor V or VIII inhibitor, a hematologist/coagulationist should be consulted.
Such a consultation should also be sought for patients who have clinical bleeding symptoms but whose initial screening tests are normal or nondiagnostic. However, the diagnosis of liver disease may prompt referral to a liver specialist, and the possibility of a vitamin K deficiency would prompt evaluation for nutritional intake, surreptitious ingestion of warfarin, and consideration of brodifacoum poisoning.
CONCLUSION
Various disorders result in prolongation of the PT and APTT. Some of these disorders increase the risk of bleeding and others the risk of thrombosis, but, more importantly, selected disorders are of no hemostatic consequence. Correlation with the patient's clinical and hemostatic history is critical, and laboratory testing should be pursued especially in the absence of an obvious explanation for the prolongation of the PT or APTT. In our experience, optimal use of a laboratory is made by a profile approach, in which initial tests are followed by reflexive tests if warranted by initial findings. Results of a prolonged clotting time profile can assist in arriving at a diagnosis that will facilitate further evaluation in conjunction with a hematologist. 
